Stated preference (SP) studies are typically undertaken at one point in time, while the results may be relied on in decision-making several months or even years later. This reliance is only justified if values are stable over time, an assumption which is doubtable given the onset of an economic downturn. We assess the reliability of values taken before an economic downturn for application during the downturn, via analysis of responses to two near identical surveys conducted respectively before and during the 2008-2010 economic recession. The surveys were valuing near identical sets of permanent water sector service and environmental improvements. Each survey employed a dichotomous choice and a payment card contingent valuation question. Our main result is that the economic downturn led to lower payment card responses but had no effect on the values elicited via a dichotomous choice (ie referendum-type) contingent valuation question. We explore potential explanations for this finding in light of the literature on closed-ended versus open-ended elicitation method comparisons.
Introduction
Stated preference (SP) studies are typically undertaken at one point in time, while the results may be relied on in decision-making several months or even years later. This reliance is only justified if values are stable over time, or are predictably different based on observable covariates. Fortunately, the weight of evidence suggests that this is often the case. A number of studies have administered similar questionnaires to independent samples at two points in time, and found that the estimated values, or valuation function, remained unchanged [Brouwer, 2006; Brouwer and Bateman, 2005; Carson and Mitchell, 1993; Carson et al., 1997; Reiling et al., 1990; Whitehead and Hoban, 1999] ; a second group of papers have performed a repeated survey on the same sample of respondents, and found reasonably high correlations between responses [Kealy et al., 1990; Loomis, 1990; McConnell et al., 1998 ]. With one or two exceptions, the literature thus lends support to the application of values derived from historic contingent valuation surveys provided that reasonable adjustments are made for changes in observed determinants over the intervening period [Whitehead and Hoban, 1999] .
There has been no study to date, however, which assesses the reliability of SP values obtained before an economic downturn for application during the downturn. There are theoretical and common-sense reasons to question whether willingness to pay (WTP) values, for example for environmental improvement, remain valid following the onset of a recession. Even after controlling for covariates such as current income, harder to observe potential explanatory factors such as perceived job security may be diminished, raising the possibility that willingness to contribute to the environment and related policy areas falls down the list of household priorities as a consequence. It is an open question whether the factors arising in a recession do indeed cause WTP values to fall, yet the answer has important implications for a wide range of policy applications.
The policy context in which the present study is situated is one such example. We conducted two near-identical contingent valuation surveys a year apart. The surveys were made of the household customers of a large English water and sewerage company as part of the five-yearly regulatory price review process, the first survey administered in June 2008 before the economic downturn, and the repeat survey made on a new sample conducted in June 2009, when the UK was deep in recession. Each survey included payment card (PC) and dichotomous choice (DC) contingent valuation (CV) methods to elicit WTP values. The data from these two surveys thus provide the opportunity to test and compare the sensitivities of both PC and DC WTP responses to an economic downturn. Only one previous study [Loomis, 1990] has assessed the comparative reliability of these alternative elicitation methods; thus this feature of the paper makes an additional contribution to the literature by providing this comparison in an important new context.
A Model to Assess Temporal Sensitivity of WTP
Willingness to pay is typically specified as a function of observed covariates. Partly, this is to demonstrate that WTP varies in line with expectation; partly it is to allow for a more accurate transfer of values from one site and/or time period to another. In the following, to lay out the framework in which we consider the sensitivity of WTP to an economic downturn, we focus on the distinction between observed and unobserved WTP covariates, ignoring the features of the good and study site as these stay the same.
Let WTP for individual i in time t be written as:
where ௧ is a vector of observed covariates, ௧ is a vector of unobserved covariates and
൧ is a vector of parameters. Note that is stable, that is, independent of i and t; all the variation over individuals and over time is captured by the two sets of variables ௧ and ࢸ ௧ , where
Since ௧ is unobserved, the following model is used as an approximation for estimation:
In (2), the unobserved covariates are no longer part of a deterministic function, and instead are captured by an error term, ߝ ௧ . Correspondingly, the functional form is changed from f(.) to g (.) , and the associated parameter vector changes from to ௧ .
Estimation in time t typically relies on the identifying assumption that ‫ܧ‬ ሺߝ ௧ | ௧ ሻ = 0. This is the case, for instance, when using OLS, tobit, logit, probit, or interval models, which are those most commonly employed to estimate valuation functions. The identifying assumption is generally invalid, however, if ௧ and ࢸ ௧ are correlated. Any correlation between the observed and unobserved covariates of WTP will cause the parameter vector ௧ to be biased. Moreover, since the size of the coefficient bias depends on the unobserved data, and since this varies from year to year, the bias will itself vary from year to year. Only if the coefficients are unbiased, or if there is no substantial change in unobserved covariates, will the parameter vector stay stable from year to year.
In line with the terminology above, we assess the temporal reliability of WTP via the testing of two hypotheses:
The first of these hypotheses states that average WTP is predictable given new data on observed covariates of WTP, but using a previously estimated model. The second hypothesis makes the stronger claim which is that the predictive model is stable over time. Given estimates of ଵ and ଶ , these hypotheses may be straightforwardly tested by standard statistical methods. In section 4 we discuss estimation methods. We discuss the tests employed and their results in section 5. On the other hand, in June 2009 unemployment had not yet reached its peak and so there is also a case to be argued that this later date may not capture the full impact of the recession on WTP. Both arguments would tend to suggest that any effect we estimate, in respect of the sensitivity of WTP to an economic downturn, is a lower bound. Ideally, for the purposes of this research, a series of surveys would be conducted to track changes in WTP over the full course of the economic cycle, a prospect which was unfortunately not feasible. As Figure 1 shows, however, the survey dates are situated at sufficiently different points in the economic cycle to have a good chance of capturing the effects we seek to examine.
Survey Design, Administration and Data
Our method of examining separate samples has the advantage over a repeated survey on the same sample in that it eliminates any potential for recall bias, wherein the respondent remembers his 1 We calculated the difference between the draft business plan (DBP) and final business plan (FBP) service improvement measures for each attribute, and used these to derive an index for the FBP based on the DBP and the current service level. If all proportional attribute improvements were given equal weighting by respondents, this approach determines that the FBP would imply "1% more" improvement than the DBP; i.e. probably a fairly trivial difference from the perception of respondents. Ideally we would use weights which match the relative values of the attributes rather than constant weights; however determining these weights is beyond the scope of this study.
original responses and simply repeats his answers in the second survey. A disadvantage is that only differences in population statistics, e.g. mean and median, can be compared, as we have no individual comparisons. Since population statistics are usually all that are needed for policy applications, and since these can be compared robustly using standard statistical methods, we do not consider this a significant limitation. open-ended formats such as the PC approach [Cameron et al., 2002; Welsh and Poe, 1998 ] to the extent that this is considered a 'stylized fact' of the CV approach [Carson and Groves, 2007] .
Note: vertical lines represent survey dates
[ Loomis, 1990] is the only previous study, however, to have compared empirically the intertemporal reliability of alternative elicitation methods. It resurveys the same sample nine months after the original survey, asking DC and open-ended (OE) CV questions on each occasion, and finds the correlation between responses to be around 0.6 for both elicitation methods. Given the similarity of OE and PC formats, we take this result as our prior that, in the absence of any wider change in conditions, we would expect PC and DC to be equally sensitive or insensitive to an economic downturn. We test this assumption as part of our analysis.
The 
Empirical Methods
We analyze the data obtained from the survey as follows. First we combine the DC and PC responses using a single estimation technique -interval censored regression -and estimate this separately using the 2008 and 2009 samples. Interval frameworks are well suited to representing both DC and PC responses. [Cameron and Huppert, 1989; 1991] have argued that the language of a payment card question lends itself to an interval interpretation, with WTP lying between the amount indicated and the next highest amount labeled on the card. Interval frameworks have also long been used to represent DC responses [Carson and Hanemann, 2005] with a no response indicating that WTP lies between zero and the amount asked and a yes response indicating that WTP lies between the amount asked and an upper bound reflecting financial resources. To be conservative, we use an upper bound of £500 for the interval when a respondent said yes to the DC question, which is substantially higher than the largest amount used (£100). This does not rule out the possibility that larger WTP values are held by respondents, only that they were not observed in either our PC or DC data.
The interval censored framework is straightforward to implement in a maximum likelihood context. Let y n be our interval censored variable, which we model as a linear function of explanatory variables x n plus an i.i.d. error term ε n with mean zero and variance σ 2 . Then we have:
which implies the following log-likelihood:
A distributional assumption is required for F(.) to implement the estimation. We chose the log-normal because it ensures that WTP is non-negative (a problem with the normal) and it is straightforward to implement. Since the lower bound for some intervals is zero, the number "1" was added to all lower and upper bound values before taking logs because the log of zero is undefined. This "1" was then subtracted in obtaining later estimates for mean and median WTP. In the panel context, where for each person, n, we have a PC and a DC response, indexed by t, we thus let y nt = log(1+WTP nt ) and define lower and upper bounds accordingly, where WTP nt is the willingness to pay by respondent n, as elicited by question type t (t ∈{PC, DC}). F(.) is then simply the standard normal cumulative distribution.
The log likelihood in (4) is based on the assumption that error terms are independent of one another. Independence is unlikely, however, when responses to both PC and DC questions are combined. To take account of within-person correlation between responses, we also estimate a random effects panel version of the above model which involves decomposing the error term into an individual specific effect, u n , assumed to be normally distributed with mean zero and variance σ . Estimation is performed using the xtintreg command in Stata (version 11), and details of the methods and formulae can be found in [2009] .
Results
We begin by presenting the ( Turning to respondent covariates, income is positively associated with WTP (p<.01), again as is an elasticity; hence, the coefficient of 0.509 implies that a 10% increase in income is associated with a 5% increase in WTP.
Membership of an environmental club enters the model as a dummy variable, with a positive coefficient (p<.05), and via an interaction with Log income which has a negative coefficient (p<05).
The combination of these two coefficients indicates that members of environmental clubs tended to have higher WTP than non-members except for the highest income respondents. The parameter σ u is the standard deviation of the random effects. The fact that this is significant (p<.01) indicates that the random effects are themselves jointly significant. Consistent with this finding, the coefficient on ρ is 0.416, which indicates that 41.6% of the error variance is accounted for by the random effects. This As set out in section 2, we assess the temporal reliability of WTP via the testing of the following two hypotheses: 
Then, following [Whitehead and Hoban, 1999] , let the difference in WTP across time be 
4.92 7.20
Notes: Standard errors in parenthesis; standard errors are calculated using the delta method [Greene, 2003] 
Discussion
The main findings are the following: (1) DC WTP is significantly higher than PC WTP in both survey samples; (2) the combined PC and DC valuation function as a whole was not found to be transferrable from 2008 to 2009; and (3) the onset of an economic downturn caused PC WTP to fall, while DC WTP remained unchanged. Finding (1) is consistent with the majority of the large number of studies that have compared DC and PC responses, as summarised in [Champ and Bishop, 2006] . The second finding gives cause for concern in using a combined valuation function derived before a recession during a recession, but it is not a sufficient finding to warrant disregard of predicted population mean WTP. Indeed, finding (3) suggests that if you believe that DC methods are more likely to get at the truth of WTP, then it is valid to predict mean WTP using a pre-recession DC valuation function, or just transfer the DC mean itself. We therefore focus our discussion on the implications of finding (3).
In light of the framework set out in section 2, we can infer from the findings that unobserved features of the downturn affected the PC responses but not DC responses. The principal unobserved features potentially affecting WTP are, we hypothesize, diminished job security and a less certain future income -current incomes are, we have seen, not substantially different between years in our sample. We may now explore the consistency of these factors and the observed finding of no change in DC WTP but a fall in PC WTP with explanations given in the literature concerning the "stylized fact" that PC and OE responses are typically lower, sometimes much lower, than estimates of WTP generated from DC responses.
A prominent view in the literature, e.g. [Carson and Groves, 2007] , explains the observed PC<DC relationship with reference to strategic response considerations. It is argued that the DC method is compatible with truth-telling provided certain stringent auxiliary conditions are met, namely that the DC question is asked before any other elicitation question, that the survey is constructed so as to convey the idea that respondents' answers will have a consequential impact on policy, and that respondents believe the scenario as presented to them, including the scope of the improvements and the cost they, and others, will have to pay. All three of these properties hold for the present study, and so it may be argued from this perspective that the DC WTP estimate is the truth. By contrast, under plausible belief structures -such as that the go/no go policy decision rule depends on summing respondents' stated PC WTP amounts, and that an individual's stated WTP amount is weakly correlated with the amount they will be required to pay should the policy be implemented -the PC method provides an incentive for respondents to understate their true WTP, either to minimize the chance that the policy goes ahead -stating a WTP of £0 when the cost is expected to be greater than true WTP -or to minimize the expected payment, by stating a WTP of the expected cost -sometimes rationalized as a "fair amount" -when the cost is expected to be less than true WTP. Strategic considerations are thus predicted to cause respondents to understate their true WTP when PC methods offer them the opportunity to do so.
For this view of the PC response process to hold, to explain our empirical finding of lower PC responses there would need to have been some change in incentives, or there must be some feature of a recession that causes respondents to become more strategically minded. The former condition can only be true if expectations of the true cost of the investment program had changed. Since there is no difference in the information given in the survey, it is unlikely that cost expectations could have changed between surveys. On the other hand, it is plausible that increased job/income insecurity might invoke a greater willingness to engage in strategic response behaviour. Unfortunately, however, we are not able to test this hypothesis with our dataset.
A different perspective suggests that the observed difference between PC and DC WTP is due to differences in the certainty of respondents about their true WTP when they answer the questions [Ready et al., 2001 ]. This view is backed up by some literature, showing firstly that respondents are indeed less certain about their DC responses than they are about their PC and OE responses, and secondly that equalising the certainty levels resolves the discrepancy [Ready et al., 2001; Welsh and Poe, 1998 ]. To be consistent with this perspective, there would need to be some feature of a recession that caused respondents to become less certain of their true WTP. This seems plausible to us, in that increasing job insecurity might readily diminish certainty over WTP. This could cause there to be a wider uncertainty range, with a lower level of "certain" willingness to pay, but with no different a level at the top end of the range where respondents are "not sure" whether they would pay or not. Our results are thus also potentially consistent with this alternative explanation of the DC-PC difference.
Conclusions
Our main finding is that the recession caused PC WTP to fall, whereas DC WTP stayed the same. This result is statistically robust, hence the finding is probably not due to sampling variation.
The two alternative principal explanations for the common finding that DC WTP>PC WTP -strategic behaviour, or respondent uncertainty -are both potentially consistent with our findings, and hence we cannot say for certain that one or other of them led the recession to cause PC WTP to fall, while leaving DC WTP unchanged. Consequently, we cannot say for certain whether true WTP itself is sensitive to an economic downturn. Until future research addresses this uncertainty, researchers will be able to interpret our empirical finding in line with their own views on which theory correctly explains the DC>PC differential.
